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A b s t r a c t
In  s tu d y in g  th e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  y o u n g  m i l k f i s h  
e x p e r i m e n t s  w e r e  c o n d u c te d  to  d e v e lo p  a  p u r i f i e d  t e s t  d i e t .  M i x t u r e s  
o f  th e  p u r i f i e d  c o n s t i t u e n t s  t e s t e d  w e r e :  v i t a m i n - f r e e  c a s e i n ,  v i t a m i n -  
f r e e  g e l a t i n ,  s u p p le m e n te d  w i th  L - t r y p t o p h a n  a n d  L - c y s t i n e  a s  th e  
p r o t e i n  s o u r c e s ;  s h a r k  l i v e r  o i l  a n d  s o y b e a n  o i l  a s  th e  f a r  s o u r c e s ;  a n d  
d e x t r i n  a s  th e  c a r b o h y d r a t e  s o u r c e .  M i n e r a l  m i x t u r e  a n d  v i t a m i n  
m i x t u r e  w e r e  a l s o  a d d e d .
T h e  r e s u l t s  s h o w e d  t h a t  a  t e s t  d i e t  c o n ta in in g  v i t a m i n - f r e e  c a s e i n  
s u p p le m e n te d  w i th  L - t r y p t o p h a n  a s  th e  p r o t e i n  s o u r c e ,  w a s  b e s t  f o r  th e  
g r o w th  o f  y o u n g  m i l k f i s h .  S o y b e a n  o i l  w a s  fo u n d  to  b e  a  b e t t e r  s o u r c e  
o f  f a t .  V i ta m in  m i x t u r e  (4% ) a n d  m i n e r a l  m i x t u r e  (10% ) w e r e  o b s e r v e d  
to  p r o m o t e  g r o w th  i n  y o u n g  m i l k f i s h .  A  p u r i f i e d  t e s t  d i e t  c o n s i s t i n g  
o f  v i t a m i n - f r e e  c a s e i n  60% , L - t r y p t o p h a n  0 .5 % , s o y b e a n  o i l  10% , 
v i t a m in  m i x t u r e  4% , m i n e r a l  m i x t u r e  10% , c a r b o h y d r a t e  a n d  o t h e r s  
16%  w a s  th u s  s u g g e s t e d  f o r  y o u n g  m i l k f i s h .
I n t r o d u c t io n
M i l k f i s h  f a r m i n g  w a s  w e l l  e s t a b l i s h e d  in  T a iw a n  f o r  m o r e  t h a n  
t h r e e  h u n d r e d  y e a r s  a n d  h a d  p l a y e d  a n  i m p o r t a n t  r o l e  in  th e  i s l a n d 's  
fo o d  e c o n o m y  e v e r  s i n c e .  H o w e v e r ,  t h e r e  i s  h a r d l y  a n y  i n f o r m a t i o n  
a v a i l a b l e  o n  th e  n u t r i t i o n a l  r e q u i r e m e n t s  o f  m i l k f i s h .  I t  i s  f u n d a m e n ta l  
to  d e v e lo p  a  p u r i f i e d  t e s t  d i e t  w h ic h  m a i n t a i n s  th e  n o r m a l  g ro w th .
T h e  p r e s e n t  s tu d y  i s  l a r g e l y  b a s e d  o n  th e  p u r i f i e d  t e s t  d i e t  t r i e d  
o n  e e l  ( A r a i  e t  a l . , 1 9 7 1 ) w i th  s o m e  m o d i f i c a t i o n .  In  t h i s  p r e l i m i n a r y  
i n v e s t i g a t io n ,  a n  a t t e m p t  h a s  b e e n  m a d e  to  f in d  o u t  a s  i d e a l  s o u r c e  o f  
p r o t e i n  a n d  f a t ,  a n d  th e  o p t im u m  q u a n t i t y  o f  v i t a m in  m i x t u r e  a n d
* C o n t r ib u t io n  A  N o . 33 f r o m  th e  T u n g k a n g  M a r in e  L a b o r a t o r y
* * M r .  L e e  i s  a  S e n i o r  S p e c i a l i s t ,  w h i le  M r .  L ia o  i s  a  S e n i o r  S p e c i a l i s t  
a n d  D i r e c t o r ,  a t  th e  T u n g k a n g  M a r i n e  L a b o r a t o r y ,  T a iw a n  F i s h e r i e s  
R e s e a r c h  I n s t i t u t e ,  T u n g k a n g ,  P in g tu n g ,  T a iw a n .
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m i n e r a l  m i x t u r e  n e e d e d  f o r  th e  n o r m a l  g r o w th  o f  y o u n g  m i l k f i s h .  T h e  
e f f e c t  o f  s u p p le m e n ta r y  a m i n o - a c i d  o n  th e  g r o w th  o f  m i l k f i s h  w a s  a l s o  
s tu d i e d .
M a t e r i a l s  a n d  M e th o d s
E x p e r i m e n t a l  f i s h  a n d  f e e d in g  m e th o d
T h e  e x p e r i m e n t a l  f i s h  w e r e  y o u n g  m i l k f i s h  o r i g i n a l l y  i m p o r t e d  f r o m  
I n d o n e s ia  in  O c t o b e r ,  1 9 7 4 . T h e y  w e r e  o v e r w i n t e r e d  in  f i s h p o n d  a n d  
r e a r e d  in  c e m e n t  ta n k  w i th  p u r i f i e d  d i e t  f o r  s ix  w e e k s  p r i o r  to  th e  
i n i t i a t i o n  o f  th e  p r e s e n t  s tu d y .  F i s h  o f  a b o u t  1 .7  g in  b o d y  w e ig h t  w e r e  
c h o s e n  a n d  t r a n s f e r r e d  to  g r e y  P V C  a q u a r i a  (50  c m  x  25 c m  x  15 c m  d e e p ) ,  
e a c h  c o n ta in in g  25 f i s h e s .  A e r a t i o n  a n d  r u n n in g  w a t e r  a t  a  v e l o c i t y  o f  
1 .5  l i t e r / m i n  w e r e  p r o v id e d  th r o u g h o u t  th e  e x p e r i m e n t .  D u r in g  th e  
e x p e r i m e n t  p e r i o d ,  w a t e r  t e m p e r a t u r e  a n d  s a l i n i t y  r a n g e d  f r o m  25 
to  2 8 ° C  a n d  f r o m  24 to  3 0 ‰  r e s p e c t i v e l y .  A t  9 :0 0  in  th e  m o r n i n g ,  f i s h  
w e r e  f e d  w i th  th e  c o m p o u n d  f e e d  f o r m e d  in  th e  s h a p e  o f  n o o d le s  b y  
p r e s s i n g  th r o u g h  50  m l  n y lo n  s y r i n g e s .  T h e  f e e d in g  w a s  r e p e a t e d  e v e r y  
2 . 5  h r s ,  t o t a l in g  f o u r  t i m e s  e a c h  d a y .  T h e  a q u a r i a  w e r e  c l e a n e d  
e v e r y  tw o  d a y s  a n d  o n c e  in  e v e r y  tw o  w e e k s  t he  b o d y  w e ig h t  o f  
e x p e r i m e n t a l  f i s h  w a s  t a k e n  a f t e r  a n e s t h e s i z i n g  in  1 .0  p p m  M S -2 2 2  
s o lu t io n .
T e s t  d i e t s
T h e  m a i n  c o n s t i t u e n t s  o f  t e s t  d i e t s  a r e  v i t a m i n - f r e e  c a s e i n  o f  
D ifc o  L a b o r a t o r y  ( U .S .A . ) a n d  v i t a m i n - f r e e  g e l a t i n  o f  th e  M a th e s o n  
C o m p a n y  I n c .  ( U .S .A ) .  M i n e r a l  m i x t u r e  a n d  v i t a m in  m i x t u r e  w e r e  
a d d e d  a s  r e c o m m e n d e d  f o r  c h in o o k  s a lm o n  H a l v e r ,  (1 9 7 5 )  e x c e p t  t h a t  th e  
a m o u n t  o f  v i t a m in  a d d e d  w a s  d o u b le d .  In  m a k in g  th e  t e s t  d i e t s ,  v i t a m i n -  
f r e e  c a s e i n ,  d e x t r i n ,  m i n e r a l  m i x t u r e ,  v i t a m i n  m i x t u r e ,  a m in o  a c i d s  
a n d  c a r b o x y m e th y l  c e l l o l o s e  w e r e  m ix e d  in  m o r t a r  f i r s t  a n d  t h e n  
o i l  a n d  s o lu t io n  o f  v i t a m i n - f r e e  g e l a t i n  in  w a t e r  w e r e  a d d e d .  T h e  
c o m p o u n d  f e e d  w a s  p r e s e r v e d  a t  - 2 0 ° C in  a f r e e z e r .
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R e s u l t s  a n d  D i s c u s s i o n
E x p e r i m e n t  on  p r o t e i n
T h e  e f f e c t  o f  v a r i o u s  p r o t e i n  on  th e  g r o w th  o f  y o u n g  m i l k f i s h  w a s  
i n v e s t i g a t e d .  T h e  c o m p o s i t i o n  o f  f iv e  t e s t  d i e t s  in c lu d in g  v a r i o u s  c o n te n t s  
o f  v i t a m i n - f r e e  c a s e i n  a n d  v i t a m i n - f r e e  g e l a t i n  a s  p r o t e i n  s o u r c e s  f o r  
t h i s  e x p e r i m e n t  i s  g iv e n  in  T a b le  1. E a c h  d i e t  h a d  a  t o t a l  o f  60%  
p r o t e i n  c o n te n t .
G ro w th  o f  y o u n g  m i l k f i s h  t h a t  f e d  o n  t h e s e  f iv e  t e s t  d i e t s  f o r  36 
d a y s  i s  s h o w n  in  T a b le  2 a n d  i l l u s t r a t e d  in  F i g .  1 .  T h e r e  w a s  b e s t  
g r o w th  o f  f i s h  in  L o t 1 t h a t  f e d  o n  d i e t  w i th  o n ly  v i t a m i n - f r e e  c a s e i n  
a s  p r o t e i n  s o u r c e .  T h e  h i g h e r  th e  c o n te n t  o f  v i t a m i n - f r e e  g e l a t i n  in  
th e  t e s t  d i e t  w a s , th e  p o o r e r  th e  g r o w th  o b ta in e d .  T h e  p r o b a b l e  r e a s o n  
m ig h t  b e  t h a t  g e l a t i n  w a s  h a r d  f o r  y o u n g  m i lk f i s h  to  d i g e s t  o r  t h a t  th e  
a m in o  a c id  im b a la n c e  in f lu e n c e d  th e  g r o w th  r a t e  o f  m i lk f i s h  in  th e  
p r e s e n c e  o f  g e l a t i n .
E x p e r i m e n t  o n  f a t
T h e  e f f e c t  o f  d i f f e r e n t  s o u r c e s  o f  f a t  in  th e  t e s t  d i e t  o n  th e  g r o w th  
o f  y o u n g  m i l k f i s h  w a s  i n v e s t i g a t e d .  T h e  t e s t  d i e t  c o n s i s t i n g  o f  v i t a m i n -  
f r e e  c a s e i n ,  v i t a m i n - f r e e  g e l a t i n ,  v i t a m in  m i x t u r e ,  m i n e r a l  m i x t u r e  a n d  
d e x t r i n  w a s  s u p p le m e n te d  w i t h  10% f a t .  S ix  t e s t  d i e t s  w i th  v a r i o u s  
a m o u n t  o f  s h a r k  l i v e r  o i l  a n d  s o y b e a n  o i l  w e r e  m a d e  ( T a b l e 3 . )  f o r  
t h i s  e x p e r i m e n t .
D a ta  o n  th e  g r o w th  o f  y o u n g  m i l k f i s h  fe d  o n  t h e s e  s ix  t e s t  d i e t s  
f o r  36  d a y s  i s  t a b u l a t e d  in  T a b le  4 a n d  i l l u s t r a t e d  in  F i g .  2 . T h e  b e s t  
g r o w th  w a s  o b s e r v e d  in  L o t  6 o f  th e  d i e t  w i th  o n ly  s o y b e a n  o i l  a s  f a t  
s o u r c e .  P o o r e r  g r o w th  r e s u l t e d  w h e n  f e d  w i th  l o w e r  c o n te n t  o f  soybean 
o i l  a n d  h i g h e r  c o n te n t  o f  s h a r k  l i v e r  o i l .  T h e  w o r s t  g r o w th  o f  f i s h  w a s  
o b s e r v e d  in  L o t  10 f e d  o n  th e  t e s t  d i e t  c o n ta in in g  o n ly  s h a r k  l i v e r  o i l  
a s  th e  f a t  s o u r c e .  T h e  l o n g e r  th e  t e r m  f o r  f e e d in g ,  th e  s lo w e r  th e  
g r o w th  r a t e  w a s .  In  L o t s  9 a n d  10 w i th  h i g h e r  c o n te n t  o f  s h a r k  l i v e r  
o i l ,  30%  o f  e x p e r i m e n t a l  f i s h  s h o w e d  i n ju r y  o f  f in s  a f t e r  b e in g  r e a r e d  
f o r  36 d a y s .  T h i s  m a y  p r o b a b ly  b e  d u e  to  th e  d e f i c i e n c y  o f  e s s e n t i a l  
f a t ty  a c i d s  o r  p o is o n o u s e f f e c t  o f  p e r o x i d e  o f  s h a r k  o i l  l i v e r .
T h e  f a t  r e q u i r e m e n t  u s u a l l y  d i f f e r s  in  d i f f e r e n t  s p e c i e s  o f f i s h .  
F o r  e x a m p le , H a l v e r  (1 9 5 7 )  fo u n d  t h a t  c o r n  o i l  w a s  b e s t  f o r  c h in o o k  
s a lm o n ,  w h i le  c o m p o u n d  o f  c o r n  o i l  a n d  f i s h  l i v e r  o i l  w a s  fo u n d  b e s t  
f o r  r a in b o w  t r o u t  a n d  e e l  b y  H a l v e r  a n d  C o a te s  (1 9 5 7 )  a n d  A r a i  e t  a l .
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T a b le  1 . C o m p o s i t io n  o f  t h e  t e s t  d i e t s  in  e x p e r i m e n t s  w i th  p r o t e i n
L o t  N o .
I n g r e d i e n t s
1 2 3 4 5
V i t a m i n - f r e e  c a s e i n 56 51 46 41 36
V i t a m i n - f r e e  g e l a t i n 0 5 10 15 20
S o y b e a n  o i l 8 8 8 8 8
S h a r k  l i v e r  o i l 2 2 2 2 2
V i t a m i n  m i x t u r e 4 4 4 4 4
M i n e r a l  m i x t u r e 4 4 4 4 4
D e x t r i n 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 4 .5
L  T r y p to p h a n 0 .5 0 .5 0 .5 0 .5 0 .5
L - C y s t i n e 1 1 1 1 1
C a r b o x y m e th y l  c e l l u l o s e 10 10 10 10 10
W a te r 2 00 2 0 0 2 0 0 2 0 0 2 0 0
* V i t a m i n - f r e e  c a s e i n  w a s  u s e d  a s  c a r r i e r  f o r  v i t a m i n  m i x t u r e  a n d  t h e  
a m o u n t  o f  v i t a m i n  m i x t u r e  a d d e d  to  e a c h  d i e t  w a s  th e  s a m e  a s  
t h a t  r e p o r t e d  b y  H a l v e r  (1 9 5 7 ) .
108
T a b le  2 .  G r o w th  o f  y o u n g  m i l k f i s h  in  e x p e r i m e n t  w i th  p r o t e i n .
L o t  n o .
N u m b e r  
o f  f i s h
A v e r a g e  b o d y  w e ig h t  (g) G r o w th  r a t e  
(%)I n i t i a l F i n a l
1 25 1 .6 5  ±  0 . 64 3 .0 9  ±  0 .9 0 8 6 .9 3
2 25 1 .7 7  ±  0 . 64 2 .7 0  ±  0 .9 6 5 2 .1 9
3 25 1 .6 0  ±  0 .4 5 2 .5 3  ±  0 .8 5 5 8 .2 2
4 25 1 .5 9  ±  0 . 49 2 .7 6  ±  0 .9 9 7 3 .8 0
5 25 1 .5 6  ±  0 . 43 2 .3 6  ±  0 .9 2 5 1 .6 7
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T a b le  3 . C o m p o s it io n  o f th e  te s t  d ie ts  in  e x p e r im e n t w i th  fa t .
L o t  N o . 
In g re d ie n ts
6 3 7 8 9 10
V ita m in - f r e e  c a s e in 46 46 46 46 46 46
V ita m in - f r e e  g e la t in 10 10 10 10 10 10
Soybean o i l 10 8 6 5 2 0
S h a rk  l i v e r  o i l 0 2 4 5 8 10
V ita m in  m ix tu re 4 4 4 4 4 4
M in e r a l m ix tu re 4 4 4 4 4 4
D e s tr in 1 4 .5 14 .5 14 .5 14 .5 1 4 .5 1 4 .5
L -T ry p to p h a n 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5
L -C y s t in e 1 1 1 1 1
C a rb o x y m e th y l c e llu lo s e 10 10 10 10 10 10
W a te r 200 200 200 200 200 200
V ita m in - f r e e  c a s e in  w as used as c a r r ie r  f o r  v i ta m in  m ix tu re  and the  
a m o u n t o f v i ta m in  m ix tu re  added to  each d ie t  w as the  sam e 
as th a t re p o r te d  b y  H a lv e r  (1957 ).
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T a b le  4 .  G ro w th  o f y o u n g  m i l k f i s h  in  e x p e r i m e n t  w i th  f a t .
L o t  N o .
N u m b e r  
o f  f i s h
A v e r a g e  b o d y  w e ig h t  (g) G r o w th  r a t e
(%)I n i t i a l F i n a l
6 25 1 .7 4  ±  0 .4 8 2 .7 9  ±  0 .9 8 5 9 .8 8
3 25 1 .6 0  ±  0 .4 5 2 .5 3  ±  0 .8 5 5 8 .2 2
7 25 1 .5 9  ±  0 .4 6 2 .4 1  ±  0 .9 2 5 1 .1 9
8 25 1 .6 3  ±  0 .4 9 2 .2 5  ±  0 .8 6 3 8 .3 7
9 25 1 .3 8  ±  0 .3 1 2 .0 3  ±  0 .4 5 4 6 .7 8
10 25 1 . 7 7 ±  0 .5 3 2 .2 2  ±  0 .6 8 2 5 .4 2
11
F ig . 1 Body w e igh t ga in  in  va rio u s  
lo ts  o f experim ent on p ro te in .
F ig . 2 Body w e igh t ga in  in  v a rio u s  
lo ts  o f  experim ent on f a t .
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(1 9 7 1 )  r e s p e c t i v e l y .  T h e  g r o w th  o f  b o th  r a in b o w  t r o u t  ( M c L a r e n  e t  a l . , 
1 9 4 7 ) a n d  y e l l o w t a i l  ( T s u k a h a r a  e t  a l . , 1 9 6 7 ) w a s  n o t  g o o d  w h e n  f e d  
w i th  c o r n  o i l  a lo n e  a s  th e  f a t  s o u r c e  b u t  c o u ld  b e  i m p r o v e d  w i th  
s u p p le m e n t  o f f i s h  l i v e r  o i l ,  Y o n e  e t  a l .  (1 9 7 1 )  fo u n d  t h a t  s e a  b r e a m  
g r e w  w e l l  w i th  f i s h  l i v e r  o i l  a s  i t s  o n ly  f a t  s o u r c e .  H o w e v e r ,  th e  
p r e s e n t  e x p e r i m e n t  d e m o n s t r a t e d  t h a t  s o y b e a n  o i l  w a s  q u i te  g o o d  f o r  
th e  g r o w th  o f  y o u n g  m i l k f i s h .
E x p e r i m e n t  o n  v i t a m i n  m i x t u r e  a n d  m i n e r a l  m i x t u r e
In  o r d e r  to  s tu d y  th e  e f f e c t  o f  v i t a m i n  m i x t u r e  a n d  m i n e r a l  
m i x t u r e  o n  th e  g r o w th  o f  y o u n g  m i l k f i s h ,  th e  e x p e r i m e n t  w a s  d o n e  b y  
f o l lo w in g  th e  p r e s c r i p t i o n  o f  H a l v e r  (1 9 5 7 )  o n  c h in o o k  s a lm o n .  A s  
s h o w n  in  T a b le  5 , f o u r  t e s t  d i e t s  c o n ta in in g  v a r i o u s  q u a n t i ty  o f v i t a m i n  
m i x t u r e  r a n g i n g  f r o m  0% to  6% a n d  f iv e  t e s t  d i e t s  c o n ta in in g  v a r i o u s  
q u a n t i ty  o f  m i n e r a l  m i x t u r e  r a n g i n g  f r o m  2% to  10% w e r e  t e s t e d .
T h e  r e s u l t s  o b ta in e d  a f t e r  r e a r i n g  f o r  36 d a y s  s h o w e d  t h a t  y o u n g  
m i l k f i s h  g r e w  b e t t e r  a s  th e  v i t a m i n  m i x t u r e  c o n te n t  w a s  i n c r e a s e d  
u p  to  4% b u t  th e  g r o w th  r a t e  w a s  l o w e r  w h e n  i n c r e a s e d  to  6% . T h e  
r e t a r d a t i o n  o f  a p p e t i t e  a n d  b o d y  w e ig h t  s t a r t e d  o n  th e  1 2 th  d a y  in  
L o t  11 w h ic h  w e r e  f e d  o n  th e  v i t a m i n - f r e e  t e s t  d i e t .  I t  w a s  fo l lo w e d  
b y  h ig h  m o r t a l i t y  w h ic h  i n c r e a s e d  to  50%  o n  th e  3 6 th  d a y .  T h e  r e s u l t  
i s  p r e s e n t e d  in  T a b le  6 a n d  i l l u s t r a t e d  in  F i g .  3 .
A s  h a s  b e e n  n o te d  in  th e  p r e s e n t  e x p e r i m e n t ,  y o u n g  m i l k f i s h  
s h o w e d  lo w  a p p e t i t e ,  d e c r e a s e d  b o d y  w e ig h t  a n d  h ig h  m o r t a l i t y  w h e n  
v i t a m i n  in  d i e t  w a s  i n s u f f i c i e n t .  A l th o u g h  v i t a m in  i s  e s s e n t i a l  f o r  
f i s h  n u t r i t i o n ,  i t  i s  g e n e r a l l y  b e l i e v e d  t h a t  o v e r d o s e  o f  v i t a m in  i s  n o t  
o f  a n y  u s e .
T h e  r e s u l t  o f  e x p e r i m e n t s  c o n d u c te d  o n  th e  r e q u i r e m e n t  o f 
m i n e r a l  m i x t u r e  i s  p r e s e n t e d  in  T a b le  6 a n d  i l l u s t r a t e d  in  F i g .  4 .  
T h e r e  w a s  n o  r e m a r k a b l e  d i f f e r e n c e  in  g r o w th  a m o n g  y o u n g  m i l k f i s h  
f e d  o n  th e  d i e t  c o n ta in in g  v a r i o u s  q u a n t i t y  o f  m i n e r a l  m i x t u r e .  O n ly  
f r o m  L o t  17 w a s  o b ta in e d  a n d  s o  i t  s e e m e d  t h a t  10% m i n e r a l  m i x t u r e  
w o u ld  b e  b e n e f i c i a l  f o r  y o u n g  m i l k f i s h .
I t  i s  w e l l  k n o w n  ( P h i l l i p s ,  1 9 5 9 ), t h a t  f i s h  g e t  th e  n e c e s s a r y  
m i n e r a l s  f r o m  e n v i r o n m e n t a l  w a t e r s  t h r o u g h  g i l l s  a n d  s k in .  S u c h  
c a p a c i t y , h o w e v e r ,  v a r i e s  f r o m  s p e c i e s  to  s p e c i e s .  W o lf  (1 9 5 1 )  fo u n d  
n o  b a d  e f f e c t  w h e n  r a in b o w  t r o u t  w a s  f e d  w i th  m i n e r a l - d e f i c i e n t  d i e t
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T a b le  5 . C o m p o s i t i o n  o f t h e  t e s t  d i e t s  in  e x p e r i m e n t  w i th  v i t a m in  m i x t u r e  
a n d  m i n e r a l  m i x t u r e .
E x p e r i m e n t  o f  v i t a m i n  m i x t u r e E x p e r i m e n t  o f m i n e r a l  m i x t u r e
L o t  N o . 11 12 3 13 14 3 15 16 17
I n g r e d i e n t s
V i t a m i n - f r e e  
c a s e i n 50 4 8 46 44 46 46 46 4 6 4 6
V i t a m i n - f r e e  
g e l a t i n 10 10 10 10 10 10 10 10 10
S o y b e a n  o i l 8 8 8 8 8 8 8 8 8
S h a r k  L i v e r  o i l Z Z Z Z Z Z Z Z Z
V i ta m in  
m ix tu r e * 0 2 4 6 4 4 4 4 4
M i n e r a l  
m i x t u r e 4 4 4 4 Z 4 6 8 10
D e x t r i n 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 6 .5 1 4 .5 12 .5 1 9 . 5 8 .5
L - T r y p to p h a n 0 .5 0 .5 0 .5 0 .5 0 . 5 0 .5 0 .5 0 .5 0 .5
L - C y s t i n e 1 1 1 1 1 1 1 1 1
C a r b o x y m e th y l  
c e l l u l o s e 10 10 10 10 10 10 10 10 10
W a te r 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0 2 0 0
*V i t a m i n - f r e e  c a s e i n  w a s  u s e d  a s  c a r r i e r  f o r  v i t a m i n  m i x t u r e  a n d  th e  
a m o u n t  o f v i t a m in  m i x t u r e  a d d e d  to  e a c h  d i e t  w a s  t h e  s a m e  a s  
t h a t  r e p o r t e d  b y  H a l v e r  (1 9 5 7 ) .
114
T a b le  6. G ro w th  o f young m i lk f is h  in  e x p e r im e n t w i th  v i ta m in  m ix tu re  
and m in e r a l m ix tu r e .
L o t  N o .
N u m b e r 
o f f is h
A v e ra g e  bod y  w e ig h t (g) G ro w th  ra te  
(%)I n i t ia l F in a l
E x p e r im e n t 
o f v ita m in  
m ix tu re
11 25 1 .8 5  ±  0 .6 2 — —
12 25 1 .6 2  ±  0 .31 2 .3 2  ± 0 .5 7 4 3 .5 6
3 25 1 .6 0  ±  0 .4 5 2 .5 3  ±  0 .8 5 58 .22
13 25 1 .6 0  ±  0 .45 2 .2 1  t  0 .6 9 3 7 .8 6
E x p e r im e n t 
o f m in e r a l 
m ix tu re
14 25 1 .3 4  ±  0 .1 8 2 .1 5  t  0 .4 8 6 0 .3 2
3 25 1 .6 0  ±  0 .4 5 2 .5 3  ± 0 .8 5 5 8 .2 2
15 25 1 .5 3  ±  0 .3 9 2 .3 1  ± 0 .7 0 5 0 .5 8
16 25 1 .5 9  ±  0 . 60 2 .4 2  t  0 .9 4 52 .01
17 25 1 .7 3  ±  0 . 56 2 .9 2  ±  0 .9 9 6 8 .0 0
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F ig . 3 Body w e igh t ga in  in  v a r io u s  lo ts  
o f experim ent on v ita m in  m ix tu re .
F ig . 4 Body w e igh t ga in  in  v a r io u s  lo ts  
o f experim ent on m in e ra l m ix tu re .
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f o r  a  lo n g  p e r i o d  o f  23 w e e k s .  O n th e  c o n t r a r y ,  A r a i  e t  a l .  (1 9 7 1 ) 
r e p o r t e d  th e  s y n d r o m e  o f  lo w  a p p e t i t e  h i n d e r e d  g r o w th  a n d  h ig h  
m o r t a l i t y  in  e e l  f e d  o n  m i n e r a l - d e f i c i e n t  d i e t  in  th e  s e c o n d  w e e k .  
T h e y  o b ta in e d  b e s t  g r o w th  in  th e  g r o u p  f e d  w i th  8% m i n e r a l  m i x t u r e .  
Y o u n g  m i l k f i s h  r e q u i r e d  a p p r o x i m a t e l y  10% m i n e r a l  m i x t u r e  in  d i e t ,  
c lo s e  to  t h a t  fo u n d  in  e e l .
E x p e r i m e n t  o n  s u p p le m e n t  o f  a m in o  a c i d s
I t  i s  n o te d  in  th e  e x p e r i m e n t  o n  p r o t e i n  t h a t  m i l k f i s h  g r e w  w e l l  
w h e n  f e d  o n  th e  d i e t  w i th  v i t a m i n - f r e e  c a s e i n  a s  th e  o n ly  p r o t e i n  
s o u r c e .  F o r  d e m o n s t r a t i o n  th e  e f f e c t  o f v i t a m i n - f r e e  c a s e i n  s u p p le m e n te d  
w i th  c r y s t a l l i n e  L - a m i n o  a c id ,  s e v e n  t e s t  d i e t s  w i th  v a r i o u s  a m o u n t  
o f  t r y p to p h a n ,  c y s t i n e ,  m e th io n in e  a n d  t h r e o n i n e  a s  s h o w n  in  T a b le  7 
w e r e  t e s t e d .
T h e  e x p e r i m e n t  w a s  c o n d u c te d  f o r  28 d a y s  a n d  i t  w a s  fo u n d  
t h a t  a l l  g r o u p s  w i th  s u p p le m e n ta r y  a m in o  a c i d  h a d  b e t t e r  g r o w th  th a n  
th o s e  w i th o u t  i t  ( T a b le  8 a n d  F i g .  5 ) . E s p e c ia l ly ,  f i s h  in  L o t  21 w i th  
0 .5 %  t r y p to p h a n  s h o w e d  th e  m o s t  s a t i s f a c t o r y  g r o w th .  F r o m  t h e s e  
r e s u l t s ,  i t  i s  b e l i e v e d  t h a t  th e  a m in o  a c id  b a la n c e  w o u ld  b e  m o r e  
s u i t a b le  f o r  y o u n g  m i l k f i s h  a f t e r  th e  s u p p le m e n t  o f t r y p to p h a n  m a d e  
th e  t r y p t o p h a n  c o n te n t  in  c a s e i n  m o r e  c o m p l e t e .  L o ts  19, 20 a n d  23 
s h o w e d  a  d e c r e a s e d  e f f e c t  o f  s u p p le m e n t in g  w i th  0 .5 %  t r y p to p h a n  a n d  
a d d i t i o n a l  c y s t i n e ,  m e t h i o n in e  a n d  t h r e o n i n e  t h a t  m ig h t  h a v e  c h a n g e d  
th e  a m in o  a c id  b a l a n c e .  S i m i l a r  r e s u l t  w a s  r e p o r t e d  b y  A r a i  e t  a l .  
(1 9 7 1 )  in  t h e i r  s tu d y  o n  t e s t  d i e t  f o r  e e l .  T h e r e  w a s  s ig n i f i c a n t  
i n c r e a s e  o f  e e l  g r o w th  w h e n  f e d  on  th e  d i e t  c o n ta in in g  c a s e i n  a n d  
g e l a t i n  a s  p r o t e i n  s o u r c e s  s u p p le m e n te d  w i th  0 .5 %  t r y p t o p h a n  a n d  1% 
c y s t i n e .  H o w e v e r ,  a n  a d d i t i o n a l  0 .5 %  th r e o n in e  a n d  1% m e th o n in e  
s h o w e d  th e  b a d  e f f e c t  o n  i t s  g r o w th .
F r o m  th e  r e s u l t s  o b t a in e d  in  a b o v e  e x p e r i m e n t s ,  a  p u r i f i e d  
t e s t  d i e t  c o n s i s t i n g  o f  v i t a m i n - f r e e  c a s e i n  60% , L - t r y p t o p h a n  0 .5 % , 
s o y b e a n  o i l  10% , v i t a m i n  m i x t u r e  4% , m i n e r a l  m i x t u r e  10% , c a r b o h y d r a t e  
a n d  o t h e r s  16% w a s  s u g g e s t e d  f o r  y o u n g  m i l k f i s h .
A c k n o w le d g e m e n ts
T h i s  s tu d y  w a s  s u p p o r t e d  b y  th e  N a t io n a l  S c ie n c e  C o u n c i l .  W e 
g r a t e f u l l y  th a n k  a l l  th e  m e m b e r s  o f  T u n g k a n g  M a r i n e  L a b o r a t o r y ,  
w e  a r e  e s p e c i a l l y  in d e b te d  to  N . H . C h a o , C . C . T s e n g ,  S . W . L o u  
a n d  C . S . C h e n g  f o r  t h e i r  g e n e r o u s  h e lp .
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T a b le  7 . C o m p o s i t io n  o f th e  t e s t  d i e t s  in  e x p e r i m e n t  w i th  s u p p le m e n t  
o f  a m in o  a c i d s .
L o t  N o .
I n g r e d i e n t
18 19 20 21 22 23 2 4
V i t a m i n - f r e e  c a s e i n 5 1 .5 50 50 51 5 0 .5 4 9 .5 4 9 .5
S o y b e a n  o i l 10 10 10 10 10 10 10
V i t a m in  m i x t u r e * 4 4 4 4 4 4 4
M i n e r a l  m i x t u r e 10 10 10 10 10 10 10
D e x t r i n 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 4 .5 1 4 .5
L - T r y p to p h a n 0 .5 0 .5 0 .5 0 .5
L - C y s t i n e 1 1 1
L - M e th io n in e 1 1 1
L - T h r e o n i n e 0 .5
C a r b o x y m e th y l  c e l l u l o s e 10 10 10 10 10 10 10
W a te r 2 0 0 2 0 0 2 0 0 2 0 0 2 00 2 0 0 2 0 0
*V i t a m i n - f r e e  c a s e i n  w a s  u s e d  a s  c a r r i e r  f o r  v i t a m in  m i x t u r e  a n d  th e  
a m o u n t  o f  v i t a m in  m i x t u r e  a d d e d  to  e a c h  d i e t  w a s  th e  s a m e  a s  
t h a t  r e p o r t e d  b y  H a l v e r  (1 9 5 7 ) .
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T a b le  8 . G r o w th  o f y o u n g  m i l k f i s h  in  e x p e r i m e n t  w i th  s u p p le m e n t  o f 
a m in o  a c i d s .
L o t  N o .
N u m b e r  
o f  f i s h
A v e r a g e  b o d y  w e ig h t  (g) G r o w th  r a t e  
(%)I n i t i a l F i n a l
18 20 4 . 0 6  ± 1 .4 5 5 .0 2  ±  1 .6 9 2 3 .6 3
19 20 4 . 1 4  ± 1 .3 4 5 .1 6  ± 1 .6 1 2 4 .7 0
20 20 3 .9 5  ±  1 .2 9 5 .1 8  ±  1 .8 8 3 1 .0 6
21 20 3 . 7 7  ± 1 .3 3 5 .0 6  ±  2 .1 5 3 3 .9 9
22 20 3 .8 9  ±  1 .1 0 4 . 9 4  ±  1 .8 0 2 6 .7 9
23 20 3 .8 2  t  1 .2 5 4 .9 5  ± 1 .6 8 2 9 .5 8
2 4 2 0 4 .1 2  ±  1 .2 7 5 .2 8  ±  1 .8 2 2 8 .0 5
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F ig . 5 Body w e igh t ga in  in  v a r io u s  
lo ts  o f  experim ent on supplement 
o f  amino a c id s .
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